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Method for preparing free polyunsaturated fatty acids 
and their oxidation metabolites 



The invention relates to a method for preparing free 
polyunsaturated fatty acids and their oxidation 
metabolites . 



It is more particularly directed toward the use of the 
method in accordance with the invention for preparing 

10 

12-hydroxyeicosatetraenoic acid or 12-HETE, and 
11 , 12 -epoxyeicosatrienoic acid or 11,12-EET, 

which are oxidation metabolites of arachidonic acid and 
15 which constitute important medicinal products in the 
sense that they restore, correct or modify certain 
organic functions in humans; these medicinal products 
are the subject of the patent application filed by the 
applicant company on the same date as the present 
20 application, under the title "novel medicinal product". 

The invention is based on the result of studies carried 
out by the applicant company and which enabled it to 
find that it was possible to stimulate, using elicitors 

25 which are protein, lipid or saccharide in nature, the 
production of these metabolites in red algae, and more 
particularly Chondrus crispus , in the defense reactions 
of which they play a role which has not yet been 
elucidated, in the knowledge that it is already known 

30 that these metabolites are produced at the end of the 
cascade of arachidonic acid oxidation under the action 
of lypoxygenase for the first and under the action of a 
cytochrome P450 enzyme for the second. 

35 It is to the applicant company's credit to have found 
that this stimulation in Chondrus crispus could 
advantageously be obtained using, as elicitors, 
components produced by the green alga Acrochaete 
operculata . 
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Once the stimulation has been produced, a result which 
is obtained in approximately 6 to 12 hours after 
inoculation of the elicitor on the substrate consisting 
5 of the red alga, the arachidonic acid and the 
metabolites produced are extracted from the Chondrus 
crispus plant tissue. 

It ensues that, in the method in accordance with the 
10 invention for preparing free polyunsaturated fatty 
acids and their oxidation metabolites, the following 
are successively carried out, 

the release of polyunsaturated fatty acids and the 
15 production of their oxidation metabolites are 

stimulated, in a red alga, by the action of an 
elicitor which is peptide, lipid or saccharide in 
nature, and then 

2 0 - the released polyunsaturated fatty acids and also 
their oxidation metabolites are extracted. 

According to an advantageous embodiment of the method 
in accordance with the invention, the stimulation of 
25 the release of the polyunsaturated fatty acids and of 
the production of their oxidation metabolites is 
obtained, in the case of the red alga Chondrus crispus, 
by elicitation under the action of components of the 
green alga Acrochaete operculata. 

30 

According to another advantageous embodiment of the 
method in accordance with the invention, the 
elicitation is carried out by making use of an extract 
of Acrochaete operculata, obtained by aqueous treatment 
35 under cold conditions or under hot conditions of alga 
ground material . 

Consequently, with the intention of preparing 
polyunsaturated fatty acids and their oxidation 
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metabolites, including in particular 12-HETE and 11,12- 
EET , in accordance with the invention, the following 
procedure, or an equivalent one, is carried out. 

5 First of all, thalluses from Chondrus crispus are 
cultured. 

To do this, these thalluses are cultured [in particular 
using a haploid strain (gametophytes) identified by 

10 JC002PC-6 and sent by the laboratory of Professor Juan 
Correa of the Faculty of Biological Sciences, Catholic 
University, Santiago, Chile] in a culture medium 
referred to as SFC and prepared by adding, to 1 litre 
of seawater, filtered with a 0.2 |jm filter, a 2 ml 

15 amount of each one of the five solutions identified 
below and prepared as indicated: 

1. Iron-based solution 

2 0 3 67 mg/1 of ferric sodium ethylenediaminetetraacetic 
acid salts are dissolved in distilled water. 

2. Phosphate-based solution. 

25 50 mM (NaH 2 P0 4 . H 2 0) is prepared in distilled water. 

3. Nitrate-based solution. 

1 M NaN0 3 is prepared in distilled water. 

30 

4. Metal-based solution. 

Solutions of 14 mg/ml of (MnCl 2 - 4H 2 0) , of 1 mg/ml of 
ZnCl 2 , of 47 jig /ml of (CoCl 2 .6H 2 0) and of 0.04 fag/ml of 
35 (CuCl 2 .2H 2 0) in distilled water are prepared separately ; 
a 50 ml volume of each one of these solutions is added 
to a solution of Na 2 EDTA (4.36 g/1); the mixture is 
boiled for 10 minutes, 1 liter of distilled water is 
added, and the pH is adjusted to 7.5 before filtering 
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with a 0.2 jim filter. 

5. Vitamin-based solution. 

5 Solutions of biotin (0.5 mg/1) , of folic acid (1 mg/1), 
of thiamine Bl (1.5 mg/1) and of B12 (0.5 mg/1) in 
distilled water are prepared separately; 1.25 ml of 
each one of these solutions are added to 250 ml of 
seawater filtered with a 0.2 |nm filter. 

10 

Isolates of Acrochaete operculata (in particular 
isolates obtained from the laboratory of Professor Juan 
Correa and which consist of single-alga cultures 
established from Chondrus crispus thalluses naturally 
15 infected with this endophyte, harvested in Canada in 
1987 and identified by KH 040687-1-1) are, moreover, 
cultured, again using the medium defined above. 

The two cultures are maintained at 15°C with a 
20 photoperiod of 16/8 (day/night) and a light flux of 
40 |imol m-2 s-1. 

The medium from each culture is renewed every week. 

25 After culturing for 4 months, when the Acrochaete 
operculata biomass reaches an amount of approximately 
5 g of drained fresh algae per 5 liters of culture 
medium, a 1.5 g fraction of algae is removed, filtered 
on Whatman 3MM paper and drained by pressing. 

30 

This biomass is then frozen in liquid nitrogen and 
stored in a freezer at -80°C. 

To prepare the acellular extracts of Acrochaete 
35 operculata, the abovementioned 1.5 g fraction of 
Acrochaete operculata frozen in liquid nitrogen is 
used, it is reduced to powder in liquid nitrogen and, 
after evaporation of the nitrogen, the powder is taken 
up in 1 ml of extraction buffer consisting of 0.5 M 



- 5 - 

Tris HCl, pH 6.5, 50 mM of NaCl and 10 mM of MgCl 2 . 

The extraction can be carried out under cold conditions 
or under hot conditions at 100°C for 15 minutes. 

5 

After centrifugation at 12 000 g for 30 minutes, the 
supernatant is recovered. 

This supernatant constitutes the extract used as 
10 elicitor. 

The Chondrus crispus culture, which was referred to 
above, is continued for 4 to 8 months. 

15 At the end of this culturing, a 500 mg (fresh weight) 
sample of gametophytes is removed. 

This sample is used for the elicitation. 

20 For this elicitation, the 500 mg of gametophytes are 
incubated for 1 hour in 10 ml of seawater, filtered 
with a 0.2 |jm filter, in the presence of a 70 jal amount 
of the abovementioned Acrochaete operculata extract. 

2 5 Activation of the phospho lipases is thus induced, which 

phospholipases release free polyunsaturated fatty 
acids, including arachidonic acid, and also the 
lipoxygenases and the cytochrome P450 under the 
respective action of which the metabolites 12-HETE and 
30 11,12-EET are formed from the arachidonic acid. 

Once the incubation has finished (the end of the 
incubation can be controlled by freezing the algae in 
liquid nitrogen) , the fatty acids and the metabolites 

3 5 formed are recovered by extraction. 

To do this, an aqueous extraction of the red alga 
ground in liquid nitrogen, followed by an extraction 
with organic solvent, can be successively carried out. 
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First of all , an aqueous extract of the gametophytes 
which were subjected to the elicitation with the 
Acrochaete operculata extract is prepared. 

5 

To do this, a 5 g amount of the gametophyte culture 
incubated with the extracts of the green alga 
Acrochaete operculata is subjected to grinding with 
liquid nitrogen. 

10 

The product resulting from this grinding is suspended 
in 20 ml of a 50 mM Tris-HCl buffer, at pH 9.5, 
containing 500 mM of KC1 and 10 mM of p- 
mercaptoethanol . 

15 

After homogenization by slow stirring in ice, the 
extract is centrifuged at 12 000 g for 10 minutes, and 
the proteins contained in the supernatant are then 
assayed by the Bradford method (197 6) . The assaying 
2 0 reagent used is a commercial product based on a dye, 
Coomassie blue, and sold under the Bio-Rad protein 
assay trademark; it is an anionic form of the dye which 
preferentially attaches to the proteins by interaction 
with their cationic groups. 

25 

The samples are first of all solubilized in a buffer of 
10 mM MgCl 2 , 50 mM NaCl, 1 mM perfablock, 50 mM Tris 
HC1, at pH 7.5, and centrifuged for 10 minutes at 
12 000 g. 

30 

2 00 jal of the abovementioned Bio-Rad reagent are added 
to 800 \xl of dilute extract containing between 1 and 
10 \xq of proteins, and the optical density is measured 
at 59 5 nm using a spectrophotometer. 

35 

The calibration is carried out using a standard range 
produced with bovine serum albumin. 

A soluble protein extraction yield is thus determined. 
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It is from the abovementioned aqueous extract that the 
fatty acids and their metabolites are recovered. 

5 This extract, which contains 24 mg of proteins, is 
diluted with 100 mM Tris buffer, pH 8.5, so as to 
obtain a volume of 40 ml. 

The metabolites are extracted twice with 60 ml of 
10 diethyl ether. 

The organic phase is evaporated to dryness under a 
stream of nitrogen and the residues are redissolved in 
absolute ethanol . 

15 

An aliquot portion is evaporated and redissolved in 
100 jal of acetonitrile . 

A 40 |il amount is injected for analysis by RP-HPLC 

2 0 coupled to an APCI-ESI-MS detector for identification 

based on comparison of the mass spectrum of the 
metabolite with that of an authentic standard and 
quantification by calibrating with known amounts of the 
fatty acid metabolites such as 12-HETE and 11,12-EET. 

25 

The final preparation contains 1.5 jig of 12-HETE and an 
amount of 11,12-EET of less than or equal to 0.5 jag. 
The final yield for the preparation is 0.3 mg of 12- 
HETE and 0.1 mg of 11,12-EET per kilogram of fresh 

3 0 alga. 

These metabolites are stable in ethanol for several 
months and are conserved at -2 0°C. 

3 5 Other metabolites, including hydroperoxides (12-HPETE, 
13-HPOTE, 13-HPODE) or keto alcohols or epoxys and 
hydroxylated derivatives of arachidonic acid, linolenic 
acid or linoleic acid, are also identified and, given 
their biological activities on animal or plant systems, 
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these compounds, obtained using the method which is the 
subject of the present invention, might give rise to 
novel applications . 



